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ABM  KAC  I 

A  D-  id  1  l-|ji.ni  slit  S|)ri  tt<iiii(  tt'i  rinplov  iiit;  .i  iiom  I  imomik  ai  i,i\  ol  AS  •  (>2  (It  li  i  lins  is 
ilcsirilnd  rile  spcrt  roll  ii 'ter  ll.ts  lircii  used  on  I  lie  I'niN  crsil  v  ol  W  \  i  imina  2  A- in  t(li'sio|)i  •  \ul  li  i 
i  I  ’9  per  pixel  I  re  1 1  lulled  ‘  pl.ite  si  .lie  to  obtain  s|>eeli.i  oi  Ion  i^- period  \  .iri.ible  sl.irs  \\ C  i  liar.ii  lei ,/( 
tile  insli  iiiiieiital  spi'etral  resolution  .ind  s|).itial  point-spread  liiiietioii  iisiiiu  speitra  .ind  sp.ili.il 
(Hollies  e\t I .leted  Iroin  sjieeti al  iiiia<.ies  ol  tlie  \  .iri.ible  sl.n  s.  in  order  to  e\  alii.iti  tlie  ellei  ti  \  eiiess  o| 
oiii  d.it.e.u  ipiisitioii  .iiid  rediietion  iiriHednres,  oiir  s|reelr.i  are  <'oiii|).ired  u  illi  ;  \.nii|)les  loiiiid  in 
tile  \tl.is  ol  I  KAS  I  .ow  besointioii  S|)eetra.  Tile  eom|rarisons  are  ni.ide  lor  sinule  i  e|)reseiit.it  i\  es  o| 
e.iili  ol  three  dixerse  object  el.isses  — ox\ tieii-rieli  st.irs  with  stronu  silie.ite  leatiire  eiiiissioii 
e.irboii-rii  h  stars  w  ith  silRoii  carbide  emission,  .ind  lat.  txjie  st.irs  exhibilimi  |)hotos|>herie  i  ontiie 
mini  radi.itioii  W  e  eoiiehide  that:  1 1  >  I  he  IbA.S  .md  .irr.ix  s|)eetromelei  s|)ei  tra  are  in  i|ii.iht,iti\  e 
.lareement  il  aei  oimt  is  t.lheii  ol  the  extimsioii  ol  the  silie.ite  leatiire  lliix  to  w  .i\  eleiicths  shoi  tw  aril  ol 
the  9-|xm  ent-oii  w.ix  elenii'h  ol  our  iiistrnment.  i2rrlie  s])e(  tral  resolution  ol  oiii  s]n'etrometei  is  as 
ex|H'i  ted  lor  the  slit  w  idth  'iiiirloyed.  i3)  'I'lu-  w  idth  ol  tlie  sji.iti.il  |)oint-s|rre.id  luiietioii  is  iie.ii  b  .is 
liood  .IS  the  desieii  itoal.  (41  I  he  formal  niieerlainties  ol  oiir  d.it.i  (loiiits  are  hiuh  excii  when  tin 
rel.itixelx  low  res|)onsi\ itx  il  the  mos.iii-  .irrax  is  eoiisidered  .md  are  snaaestixi’  of  sxsieni  noise 
limited  perlormaiiee, 

AsCi/  trmy/s  iiistrnment. ition  -arr.ix  deteefors-ll{  s|ieetroseo])y 


[.  Iiitnidiiction 

Heeent  ex.im[)les  ol  the  use  of  mus.iii  infr.ired  arraxs  in 
Uromid-b.ised  .istroiioniie.il  e.imeras  in  the  teii-miiron 
reition  .ire  re.idilx  lonnd  in  the  litmatnre  (Arens  cl  <il 
19St,  hloeniof.  Idwiies,  and  \  aiiderwx ck  19S-b  Tresi  li- 
l•'len!)er^  et  (//  1 9S7.  ( le/,ari  et  i//.  19SS).  Howcmt.  sneh 
irr.ixs  ,ilso  lend  themselxes  nicely  to  lomt-slit  s|iei(ro- 
sro|iie  i|)|)lie.itions  lor  which  r.idiation  is  dispersed  .iloiiu 
one  of  the  .max  .ixes.  .Xrrax  slit  speitrometers  haxe  .i 
snbst.inti.il  .ul'  .mt.iue  oxer  simile-deteitor  xx .ix eleii.utli 
si.iiniine  s|ieetrometers  siiiic  all  xxaxclenuth  elements 
.ire  measin  ed  simnltaneonslx .  Heine,  the  sha|)e  ol  the 
spei  t rnni  IS  nmiHei  teii  bx  X  ari.itions  in  .itmospherii-  trans¬ 
mission  I  siiiU  .1  txx  o-dimeiisioiial  .irr.ix  in  oiir  s|)eetrome- 
ter  .ilso  (lermits  the  .leijiiisition  ol  lonit-slit  s(>ecfra  ol 
extended  sources 

1  he  di'sien  ol  the  (irisiii  s|)eetrometer  discussed  here  is 
similar  in  its  choice  of  dis|)ersiiiy;  element  to  a  discrete 
bolometer  arr.ix  spect rometer  built  by  ( .i  niv,  llackxvell, 
and  .Smith  I  1 97b),  our  desiytii  is  discussed  ill  some  detail  in 
'••I'l  l' slio'p  (irocee  iems  i  L.  ' ’..n  .md  1  andy  19.S7.  In  r«  alter 
l’a|)erl,  l.iA.iii  I9S9)  I  lere  xve  briellx  rex  ii'vx  the  ih-siKii, 
disi  nss  n[)itradim:,s  to  the  s[)ectrometer,  .md  describe  the 
results  ol  recent  observilii;  rims,  .Alter  rexiexxini;  the 


instrument  and  telesco])e  tests,  xxe  next  disenss  (he  sp.  i  - 
tra  obtained  lor  onr  (noiir.im  st.irs  Next,  obserxed  noise 
I'haracteristics  .ire  com|).ired  xxith  those  expei  ted  tin  a 
mosaic  arr.ix  o|)crated  nnder  backitronnil-limited  <  ondi 
lions  Fin.illx  ,  the  s|).iti.il  (loint-spi c.id  innetion  is  deter 
mined  troni  monochrom.itie  (noliles  ol  the  (irom.im  st.n 
ex|>osnres. 

2.  rhe  S|>eclnMm‘tcr 

2. 1  Mi>\(ii<  (  Itickiii'j. 

rhe  iletcctur  .nix'X  is  .i  S.mt.;  H.irliara  Hesearch  (  e'lter 
I.Sl$it(J  .AS  bx  (i2  |)ixil  Si:(..i  iihotocondnctoi  .nr.ix 
'  Indinni  bnni|i  bonded  to  a  (  dt(722S  Direi  t  Ixe.id  t  ’nl 
(I)1U)'  mnlti|)lexer,  xxhose  j)ro|>erlies  .ne  listed  m  i  hli- 
I  A  circuit  di.iiir.im  lor  one  of  the  I79S  piixel  nint  ri  lls  is 
shoxxn  ill  I'ietire  1  I  he  l)IU  )  h.is  txxn  sienal  ont]ml  hues 
laiili  line  is  drixen  bx  an  on-chi|)  MttSl'IAl  soim  e  lol 
loxx  er  l  ircnil,  .ind  .i  smyile  .in  .ix  address  cod <■  tr.inslei  s  I  he 
simi.il  sinmltaneoiislx  troni  each  ol  txxo  adi.iceiil  (nxels 
hecanseol  the  s{H‘ctr;il  resohilion  ol  the  s|iecti ometer  .md 
the  hitih  backljroimd  (ilioton  r.ites  m  the  thei  ni.il  iiitr.ired, 
pixels  are  clocked  continnonsK  .it  .3.3)5  kll/,  ytixiim  .i  5 
psei-  (lixel  "xxindoxx  dnrimi  xxhieh  ft  beset  S.imjihnu 
iDHS)  ni.ix  be  |)eirormed  Source  lolloxxer  bi.is  xolt.iees 
and  load  resist. nice  x. lines  xxere  optinn/ed  to  .illoxx  lor 
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TABLE  1 

Mosaic  Array  Attributes 


Pixel  format . 

Pixel  spacing . 

Photoconductor  material.. 
Multiplexer  read  mode** .  .  . 

Multiplex  ratio . 

Well  capacity . 

Responsivity*^ . 

Uniformity . 


58x62 
75  urn 
Sis  Ga 

Random  access;  direct  output 
1798  pixels  /  output  channel 
3x10^  e- 

<  0.4  A/W 

<  5  %  rms 


“Read-out  noise  is  below  LSB  of  12  bit  full-well 
conversion 

^Manufacturer  goal  ol  high  i^rxel  response  uniformity 
was  obtained  at  the  expense  of  lowered  responsivity 
(private  communication  with  manufacturer,  Santa  Barbara 
Research  Corporation) . 


H'k.  I  (  in  lilt  (Ir.ivvlim  iiriiiir  iil  ITOS  tiital  pixi'l  unit  cells  1 1'(  i  shim ii  witli  (lie  address  x  lcctioiiics  and  two  siniree  Idllowers.  Atronynis  refer  to  bias 
and  i  liK  k  \  oltai;es  supplied  esteriialK  via  the  chip  <  arriei :  H  A-n  and  (iA-ii  reler  to  row  and  eolinnn  address  eloeks  \  DD,  \  (i(i  and  VSS  are  the  usual 
MOSKK  r  terininolonv  lor  drain,  uate,  and  son  lie  bias  voltaue  AOK.Sl' denotes  the  address  n'set  eloek  voltage  that  is  reniiired  prior  to  a  new  address 
selection,  and  COKS  T  is  the  simial  eliarije  reset  <  lock  voltaue  Load  resistors  for  hiasini>  the  two  source  followers  that  are  shown  below  the  shaded 
border  are  supplied  h\  the  user  at  an  oH-elhp  location 

st‘ttlint(  ot  sitjnals  diirinK  the  claim)  '*"‘1  <>1  I3H,S.  iniiltipliccl  1)>  tltc  miinher  of  pixels  per  output  line  (1798), 

The  inte(;ration  time  [ter  pixel,  e(|ual  to  the  eloek  (teriod  is  .5.4  msec,  h'urther  details  on  the  laboratory  erxogenie 
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I’Al  l.  1)  l.i  \  A\ 


■10  k '  U'stiui;  III  I  lie  ai  l  a\  ai c  ( iiiilai iiial  in  l’a|)fr  I . 

2.2  I  III'  CiKuhlitidii  i'.lcrti  iniics 

l•llt■l•tn)llu  s  tor  ri'al-tiiiio  roaddilions  ol  diuiti/cd  arra\ 
frail II 's  is  liasod  on  ,\ritliiiii'tic  I  .oii;ic  1  nits  i  A I  .I  s)  and  w  as 
dosiaiii-d  at  till'  Air  l  ort  o  ( a  opin  sics  l.alioraloix 
lAl'dLl  rlic  ALL  dcsimi  was  selected  om  i  a  inieri)|)ri)- 
eessor-liased  design  to  allow  lor  liialier  Iranie  eoadililion 
rates  isee  also  I'aper  I'  1  lie  loaddition  eleitronies  pro¬ 
vides  two  separ.ite  ILWI  hloeks  ol  .j.aOt)  20  liit  ineniorx 
sites  to  allow  lor  the  standard  IH  astronomy  teehniijiie  ol 
secondarv  mirror  elio|)piim  ol  the  sonree  and  lilank  sk\  . 
( 'oaddition  suppression  alter  each  chop  dnrinu  the  settle 
time  ol  the  sei  oiidarv  mirror  prev  ents  eorrnption  ol  tlie 
smnmed  Irames.  The  register  contents  eorrespondint;  to 
t'ne  two  telescope  chop  |)ositions  are  dillereneed  hv  the 
.ALL  s  and  translerred  to  a  minieonipnter  lor  storage  on 
hard  disk  helore  ov  ertlovv  ol  the  20-l)it  It.WI  hloi  k  dewer 
than  2.')0  arrav  Iraines'. 

2..')  I'.li'i  lninics  I'rstiwj, 

I'  arlv  lalioratorv  testiiin:  disclosed  sianilieant  eloekina 
noise  on  the  common  analoa  and  diait.il  electroiiii'S 
m'omids  at  the  level  ol  several  hits  of  onr  12-hit  .\  to  I) 
converter  aiul  hiuher  than  the  shot  noise  ol  a  lull  pixel 
well.  'I'liis  resulted  in  onr  redesinninu  the  analonelectron- 
ics  hoards  with  coiisideralile  attention  to  isolation  of  the 
divtital.  bias  voltaae.  and  siaiial  ;iromids.  'I'lie  two  ,-\  to  1) 
converters  were  also  ii[)araded  to  improved  Ki-hit 
devices  with  Iront-end  sample  and  hold  and  .i  2.7-|i.sec 
conversion  time  i.Analoijic  (-'or|)..  Wakelield.  M.A;.  'Hu- 
nparaded  cirenitrv  is  used  in  an  eijiiiv silent  12-l)it  mode. 

A  prohleni  that  allected  initial  ohserv  ini'  rims  was  elec¬ 
tronic  spikiiia  ol  a  sianilicant  iiercentaae  ol  the  pixels 
helore  transler  oL  the  summed  Irames  to  the  computer. 

'  Soltw  are  l  orreetioiis  lor  spikinti;  were  discussed  in  I  ,e\  an 
and  Sloan  (  DST ),  1  Hei  anse  ol  their  predominance  on  onlv 
one  ol  the  two  output  ehannels,  the  oriiiin  of  the  s|)ikes 
was  determined  to  he  the  diiiital  eleitronics.  It  was  Inr- 
ihei  determined  hv  lepeatint;  the  transler  ol  data  diller- 
emes  hetweeu  renisters  corresponding  to  the  two  tele¬ 
scope  eho|)  positions  that  the  spikiin^  occurred  durint!. 
data  at  i|uisition.  .Snl)se(|uent  chaiiuies  in  the  relative  tim- 
inu  ol  the  .A  to  I )  conv  erter  data  latch int;  pulses  sent  to  the 
two  '  chop  reiiisters  siiinilicaiitlv  reduced  the  spikint;  in 
the  allei  ted  channel. 

2.  1  rrisni  Siicclniuii'ti  r  Optics 

rile  optics  desiiin  snmmari/ed  in  l  ahle  2  is  based  on  a 
\a(,l  piisiii.  A  prism  was  selected  as  the  dispersin*^  ele¬ 
ment  lor  operation  ov  ei  a  broad  waveleiu'th  ran  He  (!)  to  II 
|xm)  over  vvhieh  a  araliiu'  ellii  iencv  would  v.irv  snbstan- 
tiallv.  Onr  ilesiLtn  has  no  erv oi'enically  cooled  movinu 
parts.  I lowev i  r.  a  simple  cold  blocking  shutter  is  recom¬ 
mended  for  Intnre  designs  to  lacilitate  lestinu.  in  lon- 
strnctiiiii  the  optiis  (Sensors  Systems  (iroiip,  Waltham. 


MA  I  eaie  was  t.iken  to  stress  relieve  the  mirrors  at  the 
three  substrate  attaehnient  points  I  bis  desiun  was  lomid 
toliava  Hood  alitiimient  stabilitv  between  room  tenipera- 
tnreand  10  k.  A  pieliire  ol  the  optical  asseniblv  is  shown 
in  i'  iHme  2.  A  detailed,  sv  aled  seheniatieol  the  rav  trace  is 
Uiv  I'll  in  I’aper  I . 

d.  Data  .Ae(|iiisition 

Setup  at  the  ohserv  iiiH  site  lor  inirared  observations 
involves  a  raiiHe  ol  proeednies  too  nnmerous  to  mention; 
we  concentrate  below  on  those  aspects  ol  the  setup 
speeilic  to  onr  arrav  spectrometer 

.2.1  Ohsc  Setup:  i.lci  Iruiiics 

rhe  relat  iv  e  phases  ol  a  .2.2.2  kl  I  /  master  clock  .uid  three 
snbsidiarv  clocks  are  adinsted  within  the  .2-p.see  '[lixel 
window  ,  hv  displaviiiH  the  pixel  siHn.ils  resultinti  horn 
fr-reset  sampliiiH  on  an  oscilloseope.  1  he  ipixel  signal  reset 
clock  pulse  isdelaved  relative  to  the  pixel  address  pulse  to 
allow  lor  si'tlliiiH  ol  the  siunal  level.  I'lie  clamp  pulse 
(which  restores  the  siHu.il  to  the  /ero  voltaue  level)  is 
delaved  to  just  prior  to  pixel  reset.  I  he  sample  |)ulse 
initiates  both  sample  and  hold  and  the  A  to  I)  conversion, 
as  discussed  in  .Section  2.2.  The  lelalive  timiiiH  <>1  the 
sample  clock  is  delaved  to  the  end  of  the  pixel  "w  indow 
yjust  prior  to  the  new  pixel  address).  The  reset  pixel  signal 
settles  in  the  form  ol  a  linear  ramp  to  a  pedestal  v  aliie;  the 
proeevlure  owtUuevl  here  allows  a  time  iwtevx  al  snllieieiitly 
loiiH  to  aceommodale  incieased  baekHround  or  briuht 
sonree  sinnals  that  require  proportionallv  lonuer  settU' 
times.  Onr  eler  tronies  also  uenerates  a  telesiope  see- 
ondarv  mirror  chop  wav  erorui.  ensurim^  synehroni/ation 
with  the  arrav  clockiiii'.  W  e  time  the  am|)litude  (27")  and 
ollset  ol  the  i  hop  sinn.il  square  wave  usiiiH  the  sinnal  h  orn 
tlm  mirror  position  transducer.  A  check  is  made  for  can¬ 
cellation  ol  the  baekHronnd  signal  in  the  positive  and 
lU'Halive  chop  rcHistei  s. 

TABLE  2 

Prism  Spectrometer  Attributes  and 
Spectral  Dispersion 


Pixel  x(mm)  X(4m) 


1  0.04  8.9 
15  1.10  10.7 
30  2.24  12.3 
45  3.38  13.7 
60  4.52  14.5 


Prism  material .  NaCl 

1  imn,  . .  270mm 

.  75  mm 

Lyot  stop  diameter. .  10  mm 

Slit  dimensions .  0.9x16  mm 


3 . 3x58  pixels 


TEN-MICRON  MOSAIC  AHK.AV  SPECTROMETER 
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I'  l< .  2-  I'hr  spci  tromctcr  optii  s.  shown  invi  rtiul  relative  to  its  attitii<le  as  niouiite<l  in  tiu*  dewar.  The  material  used  for  construction  is  Ah  the  mirror 
Mirl.K  es  arr  (  nated  w  ith  Ni  ( iaps  \  isihle  in  (h<’  mirror  asset n hi u’s  prov  i(h‘  stn*ss  i<  liel  hy  <le<*oupiiny  tlie  mirror  surfaces  from  the  substrate  mountin.il 
|)onih  I  hr  Na(  1  ju  imii  ts  field  in  place  with  Njiriiii:  steel.  I  he  assemliK  uas  hiiilt  to  our  desiiin  h\  Si-nsors  System  (iroup  of  \\  altham.  M  A. 


3.2  Ohsi  rt  iii^  Si  tiip:  OpticalAli^iinK'nt 

0|ili('al  aliiinmciit  consists  ot  cnsiiriiiK  tliat  tlu-  dewar 
field  of  \  iev\  is  centered  on  tlie  telescope  secondary  mir¬ 
ror.  I'liis  is  accomplished  iisintt  the  sij;nal  of  a  selected 
pisci  resnltintt  from  a  vsarm  radiation  source  positioned  at 
the  telcscoix’  secondars  mirror.  R\  displas  irii^  this  siiiiial 
on  an  oscillosco|)e  it  may  he  ma\imi/cd  hy  tiltintja  reflect- 
itiu  minor.  I'hc  widespread  alt<'rnati\ c  method  ot  adjust¬ 
ment  of  the  refleitins'  mirror  for  ininimnm  hael<i;roimd 
signal  u  ithotit  the  nann  radiation  source  was  attempted 


witiuuit  success.  This  ma\  he  due  to  seatteriiyu  internal  to 
till'  spectrometer  of  an  aiipri-ciahle  comironent  of  hack- 
.Uroimd  siunal  from  ontsirle  of  the  rcflectini'  mirror  solid 
an.ttle. 

.3. .3  Barkoroiind  Suhtrartion 

Siihtraction  of  the  sky  and  telescope  hackttronnd  from 
the  source  tranii’s  is  efVectnated  h\  choppini;  the  sec- 
ondar>  mirror  ol  the  telesco|)c‘  at  .3  II/.  The  chop  direction 
is  along  the  north/sonth  axis  as  is  the  orientation  of  the 
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spci'tromctrr  slit  I'lic  t  liop  ainplitiulc  is  oiic-liall  tlu-  .>4" 
slit  IcMiiltli.  Atti'i  scst'ii  pail'-  1)1  soilin’  and  lilatik  sk\ 
chops,  data  collection  is  siisja  nd-  d  '•J.do  the  dillcrcnccs 
of  the  frames  eo.idded  into  the  two  c  hop  reuistens  are 
transferred  to  eompnter  I'liis  se(|iienee  is  repeated  20 
times  tor  a  fixed  teleseo|)e  position  t  he  teleseoiM-  is  tlien 
nodded,  (iarc-  was  taken  in  adjnstniv;  the  etiop  and  nod 
amplitudes  since'  an\  misniateh  hetwc'cn  them  results  in  a 
spatial  snu'arinii  of  the  sonree  on  eonihination  of  the 
positin'  and  nc'Kativt'  sonree  frame's.  Nodelina  the  tele- 
seope  removes  first-orde'r  spatial  variation  of  the-  haek- 
i^ronnel.  The  20  frame'  transfers  ])e'r  teleseoiie  nod  position 
are  iransporte'd  off  the  mountain  tor  .siih.se'(|ne'nt  proeess- 
ini;. 

3.4  Ojitk'dl  Cdlihnitum:  Positioiuil 

The  arrav  plate*  .scale  and  w  av  elength  ealihrations  relate 
to  arrav  pixe-l  spaeinu  and  optics  mannifieation  and  disper¬ 
sion  listed  in  Table'  2.  The  array  plate  .scale'  was  verifie'd  by 
mov  inij  a  point  .source  by  fixed  telescope'  pointinjj  incre¬ 
ments.  The  0"9  pc'r  pixel  slope  of  the  fit  to  the  point- 
soiiree  spatial  peaks  and  telescope  pointintt  offsets  is  C'on- 
siste'iit  with  the  telescope  jilate'  scale  (3'.'27  mm  '),  tiu' 
pixe'l  spacinii.  and  the  spectrometer  maunitication. 

3.5  Opticdl  C.dlihrdtion:  Spcctidl 

Polystyrein'  film  was  inserted  into  the'  telescope'  be*am 
at  the  eU'vvar  window  with  a  backfironnel  sonree  in  vic'w. 
The  polystyu  lu'  spe'ctruin  shown  in  the  lower  panel  of 
l''i>,me  3  was  jic'iieratc'd  as  the  ratio  of  back.urounel  sonree 
spe'ctra  with  and  without  polystyrene  in  the  bc'am;  also 
shown  is  a  reference  spectrum  synthesize'd  from  data 
supplied  with  the  polystyrene  which  also  included  wave¬ 
lengths  for  the'  principal  features  (Beckman  Instruments, 
Inc.,  Irvine,  CA).  Four  weak  and  a  single  strong  a! ),soq)- 
tion  fi'ature  labeled  11,  12,  13,  13',  and  13"  are  visible  on 
tIu'  reference  spectrum  and  have  wavelengths  listed  in 
Table'  3.  The'  Image  Heeluction  and  Analysis  Facility 
(IKAF)'  was  used  to  fit  the  absorption  vvavelengtbs  in 
pixel  coordinates  and  to  interpolate  the  original  flux  sam¬ 
ples  onto  a  linear  wavelength  grid  of  0.  l()9-p.m  spacing. 
This  proct'elure  was  applit'e!  tei  all  spectra  eliscusst'el  subse- 
(juently.  Exe'e'ipted  value's  of  the  wavelength  calibration 
are  listeel  in  Table  2  where  45  pixels  are  seen  to  be  in  tlu' 
useful  range'  eif  atmeisphe'ric  transmisisem.  Cfalcnlated 
pixe'l  wavelengths  based  on  values  eif  ilu/dX  feir  Na(d  and 
the  spe'ctroniete'r  elesign  are-  publisheel  elsewhere  (la'X’an 
and  ,Sle)an  1987).  The  calculatc'd  w'avele'ugths  are  in  geieiel 
rf'lativc  agreement  with  the  peilystyreiu'  calibratiem  dis- 
cusst'd  here'. 

The  spe'ctral  reseilntion  illustrated  by  tbe  pedystyre'ne 
spee  tra  is  for  a  re'lative'ly  large'  slit  width  (3"  at  the'  pre'sent 

'IKAK  IS  distributed  by  National  Optital  Astronomy  ()l»servatorirs, 
which  is  operated  by  the  Association  of  I'niversities  for  Ih'scMreh  in 
Astronomy  .  Ine.,  under  eontraet  to  the  National  Science  I'Oundation. 


Kic  3-Speclra  of  polystvrime  c  alibration  him  rc'sultinii  from  an  e  xpo- 
sure  of  Mars  as  a  background  source.  Instrumental  rc'sponsc*  and  atmo¬ 
spheric  transmission  \iiriations  witli  wavelen^tli  are  eliminatc'cl  in  the 
ratio  <»l  spc'ctra  with  and  without  polystyrene  in  thc^  telescope  beam 
(bottom  panel).  The  refe  rence  spc‘ctrum  (top  j)anell  is  synthesi/.c*d  from 
data  supplic’ci  by  the  manufacturer  of  the  polystyrene  sample  Alfsoqi- 
tioii  Ic'aturc*  identifications  correspond  to  tlufse  of  Table  3.  The  spt‘ctral 
rc'solution  is  not  optimal  since*  the*  backjjrouncl  source  (Mars)  was  imagc'd 
onto  a  T-wide*  slit  and  a  slit  width  as  small  as  1'  may  be*  used  under  the 
appropriate*  c*onditions  of' atmospheric  se*e*inii.  The*  spe*ctral  flu.x  values 
have  be*<*u  interpolate  el  onte)  a  line*ar  waveleny;th  lirid  usimj  the*  IKAK 
OiH'dspec  package. 

TABLE  3 


Polystyrene  Absorption  Wavelengths 


Reference 

X  (gm) 

11 

9.35 

12 

9.73 

13 

11.03 

13' 

11.91 

13'  ' 

13.28 

I  KN-MK  HON  MOSAIC  AKHAV  SPKC'I  KOMKTKIi 
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ti‘l<'so()|if  plate  scale  I  installed  prini  to  ei  yo^eiiiealK  eool- 
inu  the  speetrntnetf'r.  Iloueser,  slit  w  idths  as  stiiall  as  1" 
ma\  he  used  niidei  ^nod  seeiii^  conditions.  Since  the 
speetral  resolution  nsinti,  the  3"  slit  is  an  approximate 
!ae>.';  ol  .3  worse  tlum  the  desiun  eoal,  one  ina\  e\pi‘ct 
hiylu  r  resolutions  tor  smaller  slit  w  idths. 

It  is  also  ol  interest  to  note  that  the  poK  stynau'  spectra 
obtained  in  Jnm'  19S8  nsimt  Mars  as  a  hai  kytronnd  sonre<‘ 
are  spatially  extended  o\ or  approximateh  10".  siinidatiii'^ 
a  sper  tr.ilK  strnetnred  extended  source.  These  sp*-etia 
exhibit  a  shilt  to  shorter  waxelenuths  to  the  north  and 
indie  ate  a  rotational  misaliunment  between  the  slit  edijes 
and  spectrometei'  axes  as  ilelined  by  the  prism  orienta¬ 
tion.  This  misaliumnent  poses  no  dillicnltN  tor  point 
sonrci  s  and  mas  be  easily  corrected  in  exteaided  source 
obserx  ations  by  nsi'yu;  the  llnx-conserv  inn  rotational  oper- 
<iti(iMs  in  the  IH.VT'. 

3.0  ih(x  ('alihnition 

( )bs<  r\  ations  ol  briuht,  s'.iriable  inlrarcd  stars  were 
made  at  \  arioiis  positions  alonn  the  .s|)ectronieter  slit.  'Tlu* 
relatisc  sinnals  lor  spectral  pixels  at  a  lixed  slit  position 
result  in  correction  coelhcients  iiir  atmospheric  and  in- 
strnnient.il  transmission  xari.itions  with  waxclennth,  lor 
the  "mean  detector  responsixitx  \ariation  vsith  waxc- 
lennth,  and  tor  pi\el-to-pixel  xariations  in  responsix  ity. 
The  stellar  llnx-based  calibration  is  obtained  xxith  lonnt'i' 
intenrations  on  nonx  .iriable  standard  stai  s  (e.  n. ,  a  Hootis, 
u  Tauri.  and  (i  ( ieminorum)  at  a  sinnie  position  in  the  slit 
that  o\ciia|)s  any  ol  the  aloremeiitioned  positions.  Skx- 
einission  measiiremi'iits  xxcre  taken  at  /enith  and  at  larger 
/enith  ansjles  xxith  the  telescope  chopp<'r  oil  in  order  to 
Hat  held  i)i\els  parallel  to  the  slit  leniith.  The  sky  sij'nals 
.ire  composed  ol  a  lonstant  oHset  term  (the  telescope 
b.ickitronnd  and  electronics  oHsets)  and  a  term  |)ropor- 
tion.il  to  ,iir  mass.  The  dillerence  ol  the  signals  at  the  txvo 
air  masses  is  thus  proportional  to  iletector  responsixitx  . 
Helatix  <■  res|)onses  result  tor  monochromatic  pixels  ])aral- 
lel  to  the  lonu  slit  edite.  The  relatixc  responsi-s  ol  all  pixels 
in  the  .irrax  xx  ere  set  by  combininj'  the  spectral  and  spatial 
caiibr.itions  In  praiticc.  the  resjxmsixitx  xariation  lor 
pixels  in  the  present  arrax  is  xerx  loxx’  (less  than  rms) 
xx  hich  is  (hie  in  part  to  the  loxx'  ox  erall  arrax  rcs|)onsix  ity 
I  see  'Table  I  I. 

4.  Data  Kecliiction 

T  1  Ontptit  f  ratne  ('.(XKlditioii 

D.ila  Ti.iines  transTeried  from  the  coaddition  clei  troii- 
ics  hax  c  been  eoadded  electronically  oxer  a  2-.sec  intm  val 
'corresponding  to  5  or  7  secondarx  mirror  cliop  cycles). 
We  detine  an  exposure  as  SO  such  Trames,  in  i*ronps  ol  20 
<  (irrespondini;  to  a  lixed  telesco|)e  nod  position.  K.xpo- 
snres  .ire  processed  b\  pair-xvise  diHerencin^  of  frames 
correspondine  to  the  positixe  and  the  ne>(ative  nod  posi- 
ti<)ns.  Tfie  nmninu  sum  of  iiair-xvise-diffcrenced  frames 


has  the  residual  due  to  the  skx  and  teleseoj)e  backKronnds 
remox  ed  (as  opposed  to  the  ease  ol  loaddinU  the  frames  in 
the  seipienee  thex  xxere  collected).  Siiikes  are  eliminated 
(hiring  the  coadilim;,  and  the  number  ol  acceptable  x  aliu's 
lor  each  pixel  is  used  in  the  calculation  ol  the  ax  eratte.  The 
Slim  of  the  s(|nares  of  pixel  sijin.ils  is  used  for  the  calcula¬ 
tion  ol  the  standard  dex  iation  ol  the  mean.  'The  standard 
dexiations  ol  the  mean  aie  the  lormal  uncertainties  Tor 
siibseipient  analxsis. 

4.2  Ainiosplirnr  (xirrertion  (xx’fficirttts 

.An  axcraue  spectral  correction  lor  mean  atmospheric 
and  instrumental  spi’ctral  xariations  xxas  a|)plied  to  all 
pixels  in  columns  per|ienilicnlar  to  the  slit  Ion);  axis.  Next, 
these  |)ixel.s  xxere  multiplied  bx'  their  niii(|ne  flat-field 
cocllicii-nts  lliat  accoimt  liir  difleri'iices  from  the  axeraj^c 
spectral  correct'')n.  T'inalK ,  columns  of  spectral  pixids 
xx'erc  nniltiplied  bx  their  iiixerse  relatixc  responses  as 
determined  by  the  skx  emission  Hats. 

4.3  lioltilioitfil  Mi.'xilip.niin'ut  ('on (  (  lion 

.A  1“  misalittnment  ol  the  prism  axes  redatixe  to  the 
mosaic  array  edjaes  results  in  systematic  chaiifics  in  the 
slopes  of  siH-ctral  roxxs  oT])ixcls  about  the  peak  spectral 
roxx-.  'The  ellects  oT  the  rotational  misalittnmcnt  are  also 
ex  ident  by  shifts  of  [leak  spatial  emission  xx  ith  xvaxelcntlth 
in  the  amount  of 0.012  spatial  pixel  per  spectral  pixel.  VVe 
correct  for  the  misaliijnment  by  remox  ins'  the  slope  resid¬ 
uals  iisiii.n  a  model  that  assumed  a  (janssian  form  Tor  the 
point-spread  function.  'The  functional  form  Tor  the  (hmss- 
ian  exponent  in  onr  model  included  the  usual  spatial 
depcndxmce  alonji  xxith  a  conplinn  term  betxvi-en  the 
s])atial  and  .si)ectral  axes.  The  conpliiiK  term  xvas  deter¬ 
mined  in  a  least-sipiares  fashion  as  the  xalne  f'iven  above. 
'The  (iaussian  lit  remoxed  both  the  slope  bifurcation  and 
the  shift  of  spatial  peak  xx  ith  xvavidenstth. 

5.  Observational  Results 

5. 1  Oh.scmxl  Stars 

For  the  purposes  ol  the  presmit  paper  xve  limit  our 
discussion  to  a  set  of  three  stars  taken  from  the  larger 
observinst  list  of  l.eA’an  and  Sloan  (1989),  'The  three  stars 
are  representativi  of  three  distinct  classes:  oxyiten-rich 
stars  xxith  stroni;  silicate  emission  (IRO  '  1{)42()),  carbon 
stars  xxith  silicon  carbide  emission  (\'  (.’yttni),  and  lati*- 
type  stars  havinn  jnesimu'd  photospheric  radiation  Tor 
xvhich  a  blackbodx  spectral  distribution  is  adopted  (Arctu- 
rns).  'These  three  stars  xxere  observed  on  1988  June  4  UT 
xvitb  at  least  Tour  exposures  (as  defined  in  Section  4.1) 
each.  'The  absolute  Hnx  levels  oTthe  spectra  xvere  set  using 
the  ll-p,m  Hnx  shoxvn  in  Figure  4  for  Arctnrns.  The 
uncertainty  in  the  absolute  levels  given  by  repeated  expo¬ 
sures  is  estimated  at  259f .  VV'e  plot  the  sum  of  spectra  over 
the  spatial  |5oint-.spread  Tnnetion  in  Figure  4.  S]M-ctra 
havi-  been  regridded  on  a  linear  xvaxclength  scale  using 
I  RAF,  as  described  in  Section  3.5, 
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(iniin'ti  i  I  .KS  iiiii I  i  out.niii  il  III  till ■  \ 1 1. IS  III  I  H  XS  1 .1 1\\ 
Hi  SI  lint  II  III  Spit  tia  (  tliinii  .mil  l\,i\ iiiiiiiil  I'JMi  l.HS  \tl.is 
lull  alt  I  -  r  I  III '  1 ,1\S  \t  las  III!  Ii  iilis  lilt  III  s  |i  II  all  till  II  -  III 
the  slais  ciiiisKiii  III  liiTi-  l-iist.  \M-  null-  tin-  aitn-i'iiii-iit 
Ii II  till  -  twi I  Hist Miiiu'iils  III  t III'  I ilai  kl II i<l\  lit  to  tin  - 1 mit iii- 
iiniii  III  \u  liiiiis.  III  till-  rasi-s  Im  tin-  i  1 1 1 i ss|i in  ll■atn!l■ 
slai  s  lilai  kliiiiK  Ills  til  till-  ri  lilt ninnin  an-  inaili-  Im  tin- 
pnipnsi  III  i  iiiiipaniin  tin-  l.HS  anil  aiia\  spi  rtninn-ti-i 
spi'i  li  a  .mil  .II  I'  imt  to  In-  tak'-i!  ,is  n  pi  i-'i -ntat i\ i-  iil  ti-ni 
pi'iatiiH's  111  I'ltlii'i  ilnst  Ui.niis  in  tin-  niiili  iKnia  stai 
H.isi'il  nil  till'  l.HS  sprrtinni  iil  tin-  silnali'  I'lnissnni  star 
IH(  liil.'lt  i.\  r  s(.|' I  lial  I  III  -  i  1  ml  III  nnni  I  ilni'W  ,1!  (I  III  till- 
silii.itr  li'.iliiii'  IS  nut  s.niipli'il  li\  iini  spi -it  1 1  iini -li -i .  llns 
IS  lii-r.iiisi'  till-  w  .i\  I'll 'iiUtli  i  ii\  i'|-,ii;r  III  mil  Insti  nnu-iil  is 
si  1 1  It  I 'll  Imiitw  anl  In  a  4-p,ni  rut  i  m  \\  .i\  i-lriml  li  .is  ,i  i  rsi  ill 
111  1 1  .iiisl.il  imial  nns.ilmmnrni  ii!  tin-  ii|)lii  s  .issi-niliK  rcl.i 
ti\i'  111  till'  niiisair  .ni,i\,  \l  tin-  si-.ili-  nl  .ilmiit  (I  1  (jliii  in 
w  ,i\  1  III  mill  pi'i  |ii\i'l  till'  iilisi'i'x  I'll  I  pin  u  .i\  I'linalli 
sliilt  I  I II  I'l'spmii Is  til  aliiiiil  0.7  mm  nl  li.mslalinn  |•'m 
silir.iti '  li'.it  1 1 1 1 '  spi  'I  t  r.i  I  ilisi  r\  I'll  \\  illi  till'  ,n  I  .i\  spi-i  I  rmn- 
I  ti'i  till'  I  i|.u  kl II iil\  Ills  til  till'  riintmn.i  imisl  In-  i  liusi'.i 
sni  ii  f  li.it  till'  slim  t  w  a  \  I  'll 'I  I  util  i  ,il  m  i  il  li  -.il  iim  -  ami  i-milm- 
nnm  l"\r|s  is  i'i(n,il  In  ill. it  nl  tin-  l.HS  spi-i'lr.i  .it  4  pm  In 
mili'i  In  lai'ilil.tli'  tliis  pi'iH  i'iliiri'  wr  list  m  I'.ilili-  I  w.im-- 
li'iiUl  1  IS  run  I  spmii  I  mu  In  .1  Ui  'I  iiiii'l  I  in  pi  nuii'ssji  in  III  I  .it  II  IS 
nl  silir.iti'  ti'.itnii'  In  rmitinmim  IliiM-s  nlil.mii-il  Imm  tin- 
lil.irkliniH  tits  til  till'  I  HS  spi'ilr.l  111  I  H(  1  ■  10120. mil  p 
(  I'pliri .  \\  I'  null'  1  li.il  1  Ins  li'.il  iirr  in  I  In'  Im  nirr  st.ii  .  u  i(/i 
its  l.ii'Ui'i  i'i|ni\ .ili'iil  wnllli  is  ,i|sn  mmi'  I'Xli'inlnl  In  llm 
slim  lrr  w .i\ I  li'iiul lis  l  lir  ri'siills  in  T.ililr  t  iniln  .ilc  ill. it 
!"l  !H(i  '  10120  till'  silii'.ilr  Ir.itmi'  sln  nUtli  rcl,iti\r  In 
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M'l.ilisi'  smnntimi'ss  nl  tlir  l.HS  spi  ili.i  n  siilts  liniii  tlir 
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spri'.id  Inni'linii  d'Sk  '  nl  mil  spi'rirnnii'li'r.  Ihi'  ('xpi  ri- 
iiK'iil.ills  d('l('i  niini'd  I’Sk'  i  .ni  Ik-  lomp.iK'd  ss  ith  th.il 
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pm.  kill'  Issii  milri  ninsi  points  hasr  lirrn  asrr.iui'd  tnr- 
llirr  nsrr  .A  pisrls  ssithili  2”  nl  r.uli  point.  Ihr  ihrrr 
prill  ill's  sill  IS.  11  .ipprar  ri  piis  .ilriit  ss  ithin  thr  nnrri  l.linlirs 
and  mas  hr  rhar.ii'lrri/rd  lis  .1  (  hinssian  ss  ilh  a  ir  s  .line  ol 
0"'S.  In  (oniiiarinu  ssith  0111  rvprrtrd  s.ihir  ol  ir,  ssr  nsr 
till'  hriuhinrss  disli  ihniinii  lor  dillr.irlinn  .it  a  (  irriil.ir 
.iprrlnrr  dis|)las('(l  'Ur.iphiri  ills  in  Hnrn  .mil  W  nil  (I4(ilt. 
\\  r  notr  thr  s  rrs  unnil  .lUrrrnirnl  nl  a  ( i.mssi.in  lit  to  thr 
prini.irv  niasininni  nt  thr  nnrni.ili/rd  liriuhtnrss  prntilr 
dossil  In  A'/{  nt  prak  Irsrk  lirsmid  ssliirh  thr  tirst  mini- 
mimi  talks  sharpis  hrinss  thr  (hnissian  lit.  I'lniii  ill  " 
(  hinssian  lit  to  thr  r.ilrnlalrd  dillrartimi  jiriililr  .it  a  ssasr- 
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